ABSTRACT To assess the relationship of postural changes in blood pressure to risk of myocardial infarction, 1359 men were followed for an average of 8.7 years. The men were participants in the Normative Aging Study, a longitudinal study of aging initiated in 1963 at the Veterans Administration Outpatient Clinic in Boston. It was found that the relationship of sitting blood pressure to the subsequent incidence of myocardial infarction was modified by a variable formed by subtracting supine from standing diastolic blood pressure (L\DBP). The effect of sitting diastolic blood pressure on risk of myocardial infarction was confined primarily to men with a LADBP of 10 mm Hg or more. al measurements of blood pressure are predictive of subsequent coronary heart disease, predictability may be improved by considering pressure responses to certain stressful stimuli encountered during the day. One standardized stress stimulus is postural change, particularly the assumption of the standing position. The purpose of this study was to provide initial data concerning the relationship between postural changes in blood pressure and the incidence of myocardial infarction in a large cohort of men.
BLOOD PRESSURE has been identified as an important risk factor for coronary heart disease in epidemiologic studies, which have demonstrated that the higher the level of systolic blood pressure (SBP) or diastolic blood pressure (DBP), the greater the risk of subsequent coronary heart disease.'-4 With the growing recognition of blood pressure as a major risk factor, there has been increasing emphasis on detecting and treating individuals with elevated pressures. Yet there is considerable controversy regarding the exact level of blood pressure that warrants drug treatment. Furthermore, there is concern about using only casual measurements of blood pressure taken in the physician's office as a basis for treatment decisions. There may be other considerations in assessing a person's blood pressure status.
al measurements of blood pressure are predictive of subsequent coronary heart disease, predictability may be improved by considering pressure responses to certain stressful stimuli encountered during the day. One standardized stress stimulus is postural change, particularly the assumption of the standing position. The purpose of this study was to provide initial data concerning the relationship between postural changes in blood pressure and the incidence of myocardial infarction in a large cohort of men.
Methods
The population for this study was 2144 white men cian with the subject seated. Immediately thereafter a comprehensive physical examination was begun with the subject still seated. SBP and fifth-phase DBP were measured to the nearest 2 mm Hg in the left arm, then in the right arm. Heart rate was also measured. The subject then sat on the examination table for examination of head, neck, and lungs. Height and weight were measured and the subject was placed in a supine position for cardiac, abdominal, neurologic, and peripheral pulse examination. A blood pressure reading in the right arm and heart rate were then taken again with the subject in this position. The subject was assisted to a standing position, and approximately 30 sec later a blood pressure reading in the right arm and heart rate were taken for a third time. Hernia and rectal examinations were then performed.
In The subjects for the current study were a subgroup of the Normative Aging Study population. These 1359 subjects underwent at least one examination after the baseline examination or a subsequent diagnosis of myocardial infarction. Those excluded were 37 men who had either a history of myocardial infarction or who were given antihypertensive medication at baseline, an additional 628 who had incomplete baseline information on one or more of the independent variables of interest, and 120 additional men who did not undergo a follow-up examination. Subjects excluded because of missing follow-up examinations and those excluded because of lacking baseline information were comparable to the subjects who participated with respect to baseline age, serum cholesterol levels, blood pressure, and body mass index, but excluded subjects were more likely to be current smokers (table 1). The subjects excluded because of missing baseline information had a similar occurrence of myocardial infarction (1.8%) as included subjects (2.5%).
The analyses presented here relate the development of myocardial infarction to baseline variables by Cox's life table regression method, which assumes a proportional-hazards model. A total of 1 1 baseline variables were considered, including age, body mass index (weight/height2), serum cholesterol level, number of cigarettes smoked per day, sitting heart rate, sitting SBP, sitting DBP, standing DBP, supine DBP, standing minus supine DBP (ADBP), and the interaction between LADBP and sitting DBP. The latter interaction variable was shown by preliminary analysis to be of substantive importance. The ADBP component of this interaction variable was mean-centered (i.e., the overall mean ADBP was subtracted from each subject's ADBP). This was done to make the interaction variable correlate less precisely with sitting DBP.
Calculations for Cox's method were performed with a step-up procedure by means of the PHGLM program of the Statistical 
Results
Of the 1359 men, 34 developed myocardial infarction over the follow-up period. The incidence of myocardial infarction increased with increasing baseline blood pressure. For sitting DBP, incidence rates went from 2.4 (per 1000 man-years) for those with DBP under 80 mm Hg to 2.8 for those with DBP from 80 to 89 mm Hg to 6.8 for those with DBP of 90 mm Hg or greater. For sitting SBP, incidence rates went from 1 .8 (per 1000 man-years) for men with SBP under 130 mm Hg to 3.8 for men with SBP from 130 to 139 mm Hg to 6.5 for men with SBP from 140 to 149 mm Hg to 10.9 for men with SBP of 150 mm Hg or greater.
After adjustment for age, stratified analyses suggested that the relationship of both sitting DBP and sitting SBP to the subsequent incidence of myocardial infarction was modified by the ADBP. The effect of ASitting DBP was forced into equation first.
BThe ADBP component of this interaction variable was mean centered (i.e., the overall mean A\DBP [3.0 mm Hg] was subtracted from each subject's ADBP).
interaction variable was a highly significant (p .004) predictor, indicating that the effect of sitting SBP on myocardial infarction depended on the level of ADBP.
Further analysis revealed that with increasing levels of ADBP (<1, I to 9, >10 mm Hg), there was a corresponding increase in the standing minus supine heart rate (5.6, 7.6, and 8.5 beats/min; p < .001, analysis of variance). Consequently, the above regressions were repeated, forcing the standing minus supine heart rate into the models along with sitting blood pressure and considering the same risk factors as in tables 4 and 5. Standing minus supine heart rate was not a statistically significant predictor of myocardial infarction, and its inclusion in either model did not materially affect the regression coefficient of the interaction variable or the coefficients of the other factors.
Discussion
Blood pressure has been shown to be an important risk factor for myocardial infarction in several longitudinal studies such as the Framingham Study4 and Pooling Project Study.' The present study is the first to indicate that risk associated with a given level of DBP or SBP is modified by ADBP. The data suggest that both sustained elevation of blood pressure and periodic "bursts" of DBP elevation are important in risk assessment. The modifying influence of ADBP remained even when standard coronary risk factors were included in a multivariate analysis.
The cardiovascular changes associated with the stress of standing are well known. The show significantly higher readings throughout the day in subjects with isolated upright hypertension. Certain aspects of our analysis deserve emphasis. Our results were obtained in a male population that was normotensive at the prebaseline examination (first cycle); thus, the implications of these findings for women and persons with preexisting hypertension are unknown. The uniqueness of our observations and the above-mentioned constraints on generalizing them suggest the need for confirmation of our results in other populations. Finally, blood pressure measurements in individuals are known to have significant between-visit variability. Our blood pressure measurements were obtained at a single visit and lack the precision obtained by averaging over several sittings. This lack of precision (large variability) would tend to obscure any relationship between postural blood pressure changes and risk of myocardial infarction; indeed, a more precise measure might reveal a stronger association than that observed in our data.
Our findings may have relevance in identifying which patients may benefit from therapy for hypertension. Data from recent clinical intervention trials '7-22 have resulted in controversy regarding the level of blood pressure that requires treatment with antihypertensive agents. The benefits of treating all patients with mild hypertension remains to be conclusively established, and thus the clinician needs to be able to select those who are at higher risk of subsequent heart disease for consideration of earlier treatment.23 The postural change in DBP deserves further study as a potential risk factor that could be easily measured in clinical practice.
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